Abstract-This paper is about a simulation study to analyze the energy performance of optimally inclined free standing photovoltaic system. A 10 kWp crystalline PV plant is proposed with free standing installation type for BRCORP office location. The slope angle and azimuth angle are optimized using the PVGIS simulation tool. The proposed system is simulated in PVGIS tool to account for the energy production from the PV plant. The obtained simulation results were discussed as per monthly, yearly PV energy productions, year to year variability, and total losses. Output variations due to angle of incidence, spectral effects, temperature and low irradiance is also discussed. This work would help the energy investors, researchers, and academicians to understand the solar PV system assessments and feasibilities.
I. INTRODUCTION
Assessing the possible energy productions from PV plant is an important criteria which has to be focused [1] . But in most cases of PV installations or during the feasibility surveys, this is neglected. This is due to lack of sufficient knowledge over the site parameters, and lack of computing tools. Ignoring such assessment will lead to many drawbacks directly or indirectly effecting photovoltaic system performance. It also effects the economic outcomes that has to be generated from the PV systems by increasing the cost towards repairs and maintenance. Apart from the site parameters, the performance of the PV system is also effected due to the orientation and slope angle or inclination of the photovoltaic module. Considering all such influential parameters and doing the manual assessment study might be a complex one, hence the approach of using appropriate computing tools is suggested [2, 3, [8] [9] [10] .
In this paper, a European Commission based simulation tool i.e. PVGIS (Photovoltaic Geographical Information Systems) is adopted. With the help of the PVGIS tool, energy assessment study is conducted for a 10 kWp PV system proposed at the Basha Research Corporation (BRCORP) office building.
The paper is structured as follows: Section-I: Problems and the need for assessment of PV system is outlined Section-II: A brief and relevant literature related to the present study is studied.
Section-III: Here, the proposed system is described focusing on the installation type, and optimal tilt or slope and azimuth angles.
Section-IV: Simulation of the proposed photovoltaic system is described with detailed procedure and inputs.
Section-V: Results were discussed based on the monthly and annual averages. System losses and changes in the outputs due to site parameter influence is also dealt.
II. LITERATURE REVIEW
Several authors have conducted simulation studies for analyzing the performance of PV systems for different locations using various simulation tools.
PVGIS, PV Watts, and RETScreen software tools were used in one study for analyzing the performance of solar PV systems having an installed capacity of 9.6 kWp, 105.6 kWp, and 98.4 kWp respectively. The experimental verification of simulated data with practical energy generation data showed that, these software tools are well suited for the analysis [4] .
Few other simulation studies using PV-Online tool are focused on energy assessment based on tilt angle or slope angle, area available, PV technologies, PV system capacity, and orientation of the PV module [5] [6] [7] .
Few authors has given a study on the software tools used for PV system simulation. In most of the works, PV GIS was suggested to performance [8] [9] [10] .
Another study is on the PV Watts simulation tool for a PV system with optimal tilt or slope angle for major cities of India. This study shows that, such simulation tools are better in analyzing the performance [11] .
A simulation study carried out in PV Watts performs the comparative study on the energy yields using different PV technologies, different tilt or slope angle calculated based on the building rise and run parameters [12] .
From the studied literature, it is observed that energy estimations can be done using software tools.
III. OPTIMALLY INCLINED FREE STANDING PV SYSTEM
Optimally inclined free standing PV system is the one which is installed in open area with fixed slope angle and azimuth angle. Here the slope angle and azimuth is optimized considering the seasonal variation etc. Fig. 1 shows the schematic view of the PV system consisting of PV modules, DC-DC converter, DC-AC converter, grid feed in facility with net-metering [13] . This sought of free standing installation could be done in an open area where the sufficient gap is provided between the PV modules to the ground area. Each module is placed at an angle called slope angle of the PV module. This angle is chosen in such a way that maximum potentials can be harvested. Unlike slope angle, PV modules are also installed by optimizing the orientation or azimuth angle. In the case of this study location, the optimized slope angle is 22° and the optimized azimuth angle is -5°.
IV. SIMULATION OF THE PROPOSED SYSTEM
The simulation of the proposed PV system is carried out in PVGIS simulation tool. The proposed system capacity 10 kWp, which is capable of serving the electrical energy demand of Basha Research Corporation (BRCORP) office as well as electricity exports to utility grid. BRCORP office is located in Hyderabad city, Telangana State of India. The latitude and longitude of the selected study location are 17.343, and 78.563 respectively. The PVGIS simulation procedure adopted for analyzing the proposed system is as follows [4, 10, 14] :
Identify the PV plant site location shown in Fig. 2 [15] with the help of geographical co-ordinates or based on the address including with pin code or zip code or post code.
Sun horizon height is calculated and this is shown in Fig. 3 .
Choosing the solar radiation data base among the available two databases. PVGIS-SARAH solar radiation data base is chosen for the study location.
Specify the capacity of the photovoltaic system i.e. 10 kWp crystalline PV generator that is proposed for that particular site.
Slope angle is optimized and the slope angel is 22°.
Azimuth angle i.e. -5° is also optimized for the particular PV plant.
System losses were to be selected i.e. 14 %. The provided inputs for analyzing the PV system performance are site location as BRCORP, latitude and longitude as 17.343, and 78.563, solar radiation data as shown in Fig. 4 , Crystalline PV technology, PV system capacity, optimized slope angle as 22°, optimized azimuth angle as -5°, and System loss as 14 %. With these inputs the following outputs that explains the PV system performance are studied. These outputs includes yearly PV energy production, year to year variability, total loss in %, and changes in output due to few factors like angle of incidence, spectral effects, temperature and low irradiance.
From the study, yearly PV energy productions of the 10 kWp PV plant at BRCORP office is seems to be 16300 kWh for an average yearly in-plane irradiation of 2180 kWh/m 2 . It also observed that there is a possibility of variations in energy generation i.e. 389 kWh from year to year confirming the year of installation. This variation in energy generation is possible due to the effect of local whether parameters. It is also observed that, there is a possibility of output variation due to spectral effects i.e. around 0.4 %, angle of incidence i.e. around -2.7 %, and temperature and low irradiance i.e. around -11.3 %. From the performance studies it also observed that the total losses were observed to be -25.4 % indicating the average performance ratio of the PV system as 74.6 %.
A. Monthly in-plane irradiation
Monthly in-plane irradiations were expressed in kWh/m 2 and in the selected site location, abundant irradiation is available. Highest irradiation is possible in the March month and the lowest irradiation is seen in July. Fig. 4 clearly represents the monthly variation of the solar irradiation for the chosen location. 
B. Monthly Energy Outputs
Energy productions from the 10 kWp PV system on a monthly basis is shown in Fig. 5 .
Maximum energy outputs are seen in the month of January and March i.e. 1570 kWh. The 10 kWp PV system in the July month produces the lowest energy outputs i.e. 1090 kWh.
Energy outputs observed in January, March, December, February, April, November, October, and May months are within the range of 1570 kWh to 1360 kWh.
Whereas for June, July, August, and September months are within the range of 1120 kWh to 1180 kWh.
VI. CONCLUSION
Simulation study of 10 kWp PV system is shown in this paper, focusing on the assessment of the energy productions and its variations.
From this study, it can be concluded that, feasibility studies are necessary before going for the practical installation, slope angle and azimuth should be taken into consideration as they were comes under the influential factors for energy productions from a PV plant.
Even after the feasibility studies one cannot say whether the PV plant will generate same energies throughout its life time or not. There will be variations in energy generations from year to year.
Hence we recommend to account the conditions like temperature, low irradiance due to rains and cloud, and spectral effects etc.
